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(54) CYLINDER SLEEVE AND ITS METHOD FOR PRODUCING THE SAME, AND CYLINDER BLOCK 
FOR INTERNAL COMBUSTION ENGINE 

(57)Abstract: x 
PROBLEM TO BE SOLVED: To prevent seizure with a piston by 

strengthening joining with a cylinder body and unifbrmizing s _ /jfe. 

transfer of heat. 3? J:\.,jL%&! 

SOLUTION: In a cylinder sleeve, a sleeve basic material is 
formed by using a rapidly solidified extrusion forming powder, 33^-. I 
having a chemical composition added with silicon (Si) of quantity 
to be a hyper-eutectic crystal composition to an aluminum alloy 
and projections parallely continuing in the length direction 
having 0.1-2 mm height, are formed on the outer surface of the 
sleeve basic material by adjusting the extruding conditions and 
also, fine cracks having depth of 10 //m- 20% of sleeve basic 
material thickness at the maximum, are uniformly distributed on 
the surface. A cylinder block for an internal combustion engine 
is produced by casting the sleeve 3 made of aluminum alloy in 
the cylinder body 2a cast in aluminum alloy and the sleeve 3 is 
formed by using the sleeve basic material. 
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* NOTICES * 

JPO and NCIPt are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It forms in the end with the chemical composition which added the silicon (Si) of the amount 
which serves as a hypereutectic presentation in a sleeve base material at an aluminium alloy of rapidly 
solidified powder using a solidification extrusion formation ingredient. The cylinder sleeve characterized 
by distributing uniformly 20% of minute crack of sleeve base material thickness over a front face by 
depth of 10 micrometers - max while forming the projection which parallel followed in the die-length 
direction with a height of 0.1 -2mm at the outside surface of this sleeve base material. 
[Claim 2] The cylinder sleeve indicated to claim 1 characterized by making said aluminium alloy contain 
silicon (Si) 1 5 to 38% of the weight. 

[Claim 3] The cylinder sleeve indicated to claim 1 or claim 2 characterized by mean particle diameter 
using said silicon (Si) as primary phase silicon (Si) 20 micrometers or less. 
[Claim 4] A cylinder sleeve given in any 1 term of claim 1 characterized by having carried out 
condensation solidification and forming the aluminium alloy powder whose mean particle diameter is 20- 
100 micrometers about said sleeve thru/or claim 4. 

[Claim 5] It forms with extrusion in the end of rapidly solidified powder it has the chemical composition 
which added silicon (Si) to the aluminium alloy in a sleeve base material using a solidification extrusion 
formation ingredient. While forming the continuous projection parallel to the die-length direction with a 
height of 0.1 -2mm in the outside surface of a sleeve base material by adjusting this extrusion condition 
The manufacture approach of the cylinder sleeve characterized by distributing uniformly 20% of minute 
crack of sleeve base material thickness over a front face by depth of 1 0 micrometers - max. 
[Claim 6] It is the cylinder block for internal combustion engines which is a cylinder block for internal 
combustion engines which cast the sleeve made from an aluminium alloy to the cylinder body made from 
aluminium alloy casting, and is characterized by forming said sleeve in any 1 term of claim 1 thru/or 
claim 4 using the sleeve base material of a publication. 



[Translation done.] 



http:// www4.ipdl;hcipi.go jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2Fwww4.ipdl.ncipi.go.... 2005/07/ i 5 



THIS PAGE BLANK (uspto, 



• JP,2002-178132,A [DETAILED DESCRIPTION] 



1/10^— is 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the cylinder block for internal combustion engines at 

the manufacture approach list of a cylinder sleeve and a cylinder sleeve. 

[0002] 

[Description of the Prior Art] The sleeve made from an aluminium alloy is cast-wrapped in the cylinder 
body made from aluminium alloy casting, there is a thing equipped with the cylinder block for internal 
combustion engines which manufactures it inside as performs predetermined plating to a sleeve inside in 
an internal combustion engine, and the cylinder block for internal combustion engines is an important 
element which forms a high performance engine with lightweight and good thermal conductivity. 
[0003] The sleeve made from an aluminium alloy which this cylinder block for internal combustion 
engines cast^-wraps was performing and manufacturing predetermined processing to for example, a 
casting pipe or continuous casting extrusion pipe material. 

[0004] Moreover, ingredients, such as 12Si-3Cu-aluminum material, were conventionally used for sleeve 
material. In the case of good metal mold casting of fluidity, a cylinder body is JIS. In die-casting 
manufactures, such as AC2B, it is JIS. The good ingredient of fluidity, such as ADC12 material, was 
used. 
[0005] 

[Problem(s) to be Solved by the Invention] By the way, when it cast-wraps in the cylinder body of the 
aluminium alloy which casts and forms the' sleeve made from an aluminium alloy, the molten metal by the 
side of a cylinder body encloses on the periphery of a sleeve, it follows on a cylinder body cast- 
wrapping and being gradually cooled the back, while a sleeve is heated and carries out thermal 
expansion, and the heat shrink also of the sleeve is cooled and carried out. When carrying out cooling 
coagulation, it contracts by the phase transformation, and further, temperature follows the molten metal 
by the side of a cylinder body on falling, and carries out a heat shrink. If the coefficient of linear 
expansion of a sleeve is high, the sleeve bolting force by the solidification shrinkage by the side of a 
cylinder body and the heat shrink after coagulation will be eased, and when remarkable, a clearance will 
be generated between a sleeve and a cylinder body. 

[0006] Moreover, also in an internal combustion engine's operational status, the temperature of a sleeve 
becomes lower than the temperature (value near the melting temperature of an aluminium alloy) when 
cast-wrapping (since air cooling and water cooling are made, it is 100 degrees C - about 300 degrees 
C). In an internal combustion engine, if the coefficient of linear expansion of a sleeve is high, the sleeve 
bolting force is eased and a clearance may occur between cylinder bodies. Between this cylinder body, 
heat transfer from a sleeve to a cylinder-body side is checked, and hot-spot-izes in a clearance, and 
printing by the piston occurs. Moreover, when deformation of a sleeve becomes large and it becomes 
inadequate following [ of the piston ring ] it, oil consumption will increase. 

[0007] This invention aims at providing with the cylinder block for internal combustion engines the 
manufacture approach list of the cylinder sleeve which can be fallen in it having been made in view of 
this actual condition, and strengthening junction to a cylinder body, and making transfer of heat into 
homogeneity, and preventing printing by the piston, or oil consumption, and a cylinder sleeve. 
[0008] 
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[Means for Solving the Problem] In order to solve said technical problem and to attain the purpose, this 
invention was constituted as follows. 

[0009] Invention according to claim 1 is formed in the end with the chemical composition which added 
the silicon (Si) of the amount which serves as a hypereutectic presentation in "sleeve base material at 
an aluminium alloy of rapidly solidified powder using a solidification extrusion formation ingredient, 
cylinder sleeve characterized by distributing uniformly 20% of minute crack of sleeve base material 
thickness over a front face by depth of 10 micrometers - max while forming the projection which parallel 
followed in the die-length direction with a height of 0.1-2mm at the outside surface of this sleeve base 
material. It is ". 

[0010] While forming in the outside surface of a sleeve base material the projection by which parallel 
continued in the die-length direction with a height of 0.1 -2mm according to invention according to claim 
1 By having distributed uniformly 20% of minute crack of sleeve base material thickness over the front 
face by depth of 10 micrometers - max, it can cast-wrap in this minute crack, the molten metal at the 
time can enter, and junction to a cylinder body can be strengthened, and transfer of heat can be made 
into homogeneity. 

[001 1] invention according to claim 2 — " — cylinder sleeve indicated to claim 1 characterized by 
making said aluminium alloy contain silicon (Si) 15 to 38% of the weight. " — it is . 

[0012] According to invention according to claim 2, by making an aluminium alloy contain silicon (Si) 15 
to 38% of the weight, coefficient of linear expansion of a sleeve can be made small, and, moreover, 
thermal conductivity, workability, and plating nature are not spoiled. 

[0013] invention according to claim 3 — " — cylinder sleeve indicated to claim 1 or claim 2 
characterized by mean particle diameter using said silicon (Si) as primary phase silicon (Si) 20 
micrometers or less. " — it is . 

[0014] According to invention according to claim 3, coefficient of linear expansion of a sleeve can be 
made smaller, and, moreover, thermal conductivity, workability, and plating nature are not spoiled 
because a mean diameter uses silicon (Si) as primary phase silicon (Si) 20 micrometers or less. 
[0015] invention according to claim 4 — " — cylinder sleeve given in any 1 term of claim 1 
characterized by having carried out condensation solidification and forming the aluminium alloy powder 
whose mean particle diameter is 20-100 micrometers about said sleeve thru/or claim 4. " — it is . 
[0016] According to invention according to claim 4, by carrying out condensation solidification and 
forming the end of an aluminum alloy powder whose mean particle diameter is 20-100 micrometers 
about a sleeve, coefficient of linear expansion of a sleeve can be made smaller, and, moreover, thermal 
conductivity, workability, and plating nature are not spoiled. 

[0017] Invention according to claim 5 is formed with extrusjon in the end of rapidly solidified powder it 
has the chemical composition which added silicon (Si) to the aluminium alloy in "sleeve base material 
using a solidification extrusion formation ingredient. While forming the continuous projection parallel to 
the die-length direction with a height of 0.1 -2mm in the outside surface of a sleeve base material by 
adjusting this extrusion condition the manufacture approach of the cylinder sleeve characterized by 
distributing uniformly 20% of minute crack of sleeve base material thickness over a front face by depth 
of 10 micrometers - max. It is ". 

[0018] According to invention according to claim 5, while forming the continuous projection parallel to 
the die-length direction with a height of 0.1 -2mm in the outside surface of a sleeve base material by 
adjusting extrusion conditions, by having distributed uniformly 20% of minute crack of sleeve base 
material thickness over the front face by depth of 10 micrometers - max, junction to a cylinder body 
can be strengthened and transfer of heat can be made into homogeneity. 

[0019] invention according to claim 6 — " — cylinder block for internal combustion engines which is a 

cylinder block for internal combustion engines which cast the sleeve made from an aluminium alloy to 

the cylinder body made from aluminium alloy casting, and is characterized by said sleeve forming in any 

1 term of claim 1 thru/or claim 4 using the sleeve base material of a publication. " — it is . 

[0020] According to invention according to claim 6, junction to a cylinder body can be strengthened, and 

transfer of heat can be made into homogeneity, and printing by the piston can be prevented. 

[0021] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of the cylinder block for internal 
combustion engines is explained to the manufacture approach list of the cylinder sleeve of this 
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invention, and a cylinder sleeve based on a drawing. 

[0022] This invention is applied to the water cooling type or the air-cooled four-cycle internal 

combustion engine, and two-cycle internal combustion engine having the cylinder block for internal 

combustion engines, and a sleeve is applied to wet structure or dry construction. 

[0023] It is the sectional view where drawing 1 meets a water cooling type four-cycle internal 

combustion engine's sectional view, and drawin g 2 meets the II — II line of drawing 1 . 

[0024] As this internal combustion engine's example, although a sleeve shows the water cooling type 

four-cycle internal combustion engine of dry construction to drawing 1 and drawin g 2 , this invention is 

not limited to the gestalt of this operation. 

[0025] As for the four stroke cycle engine 1 of a car, a serial 4-cylinder engine is used. The cylinder 
block 2 of a four stroke cycle engine 1 consists of cylinder-body 2a and a sleeve 3, and is formed in this 
sleeve 3 possible [ reciprocation of a piston 4 ]. The crankshaft which has been arranged through a 
connecting rod 5 in the crank case 7 by reciprocation of this piston 4 and which is not illustrated 
rotates. The cylinder head 6 is formed in a cylinder block 2, and it is fixed to the cylinder block 2 with 
the bundle with the bolt 8. Piston ring 4b is prepared in the piston 4. The cylinder-head cover 80 is 
formed in the cylinder head 6. 

[0026] The combustion chamber 12 is formed by head 4a of the sleeve 3 of a cylinder block 2, and a 
piston 4, and the cylinder head 6. The ignition plug 86 is attached in the cylinder head 6 so that a 
combustion chamber 1 2 may be attended. 

[0027] Moreover, the inhalation-of-air path 13 and a flueway 14 are formed in the cylinder head 6, and 
the set inlet pipe 15 is connected to the inhalation-of-air path 13. Moreover, an exhaust manifold 16 is 
connected to a flueway 14. 

[0028] Opening which attends the combustion chamber 12 of the inhalation-of-air path 13 is opened 
and closed by the inlet valve 18, and opening which attends the combustion chamber 12 of a flueway 14 
is opened and closed with an exhaust valve 19. The cams 32a and 33a of cam shafts 32 and 33 have 
contacted, to the tappets 30 and 31 of an inlet valve 18 and an exhaust valve 19, Cams 32a and 33a 
push an inlet valve 18 and an exhaust valve 19 through tappets 30 and 31, and, thereby, the inhalation- 
of-air path 13 and a flueway 14 are opened to them by rotation of cam shafts 32 and 33 and closed. 
[0029] A water jacket 20 is formed in cylinder-body 2a of a cylinder block 2, it is open for free passage 
to this water jacket 20, and the water jacket 21 is formed in the cylinder head 6. The surroundings of a 
combustion chamber 12 are cooled with the cooling water of these water jackets 20 and 21, and a 
sleeve 3 is dry construction. 

[0030] While a sleeve shows the water cooling type four-cycle internal combustion engine of wet 
structure to drawing 3 and cooling the surroundings of a combustion chamber 12 with the cooling water 
of a water jacket 20, a sleeve 3 is directly cooled with cooling water. The seal of O ring 85 is prepared 
and carried out to the lower part of a water jacket 20 between cylinder-body 2a and a sleeve 3. 
[0031] Next, manufacture of the cylinder block for internal combustion engines is explained. Drawing 4 is 
drawing showing the production process of the cylinder block for internal combustion engines. 
[0032] An ingredient is formed in the end of rapidly solidified powder (step S1), the cold isostatic press 
of the ingredient is carried out in this end of rapidly solidified powder, a sleeve material (billet) is 
fabricated (step S2), and vacuum sintering is carried out (step S3). Then, it extrudes between heating 
and heat, and sleeve hollow ****** j s formed and it cools (step S4). It heat-treats if needed, this sleeve 
hollow ****** is cut and processed (step S5), and a sleeve 3 is formed. This sleeve 3 is cast-wrapped 
in cylinder-body 2a (step S6), and the honing process of annealing (step S7) and the plating is 
performed and (step S8) carried out (step S9). 

[0033] An ingredient prepares the ingot of the aluminium alloy which made the component of silicon (Si), 
iron (Fe), and others contain to the base material of aluminum (A1) in the end of rapidly solidified powder 
in step SI. After dissolving this above about 700 degrees C, it sprinkles in the shape of a fog, and forms 
as the rapidly-solidified-powder end of an aluminium alloy (powder metal) by the cold or making it 
solidify by carrying out rapidly the cooling rate of 100 degrees C / above sec. 

[0034] The rapidly-solidified-powder end of an aluminium alloy which contains the silicon (Si) whose 
mean particle diameter of primary phase silicon is 20 micrometers or less in 15 - 38% of the weight of 
the range as an aluminium alloy powder ingredient for forming a sleeve material (billet), for example is 
used. 
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[0035] As the rapidly-solidified-powder end of such an aluminium alloy, aluminum (aluminum) is used as 
a base material, it is about silicon (Si) and there are some which contain chromium (Cr) 0.4 or less % of 
the weight 1 .5 or less % of the weight and contain [ copper (Cu) / 6.8 or less % of the weight and 
magnesium (Mg) ] zinc (Zn) for 0.2 - 2 % of the weight and manganese (Mn) in 0.3 or less % of the weight 
of the range in the whole 1.5 or less % of the weight about iron (Fe) 15 to 38% of the weight 
[0036] In the component in the rapidly-solidified-powder end of the aluminium alloy which was made to 
increase Si content based on the base of No. 2000 of the convention to such JIS. or the aluminium alloy 
of 6000. and was made into 1 5 - 38 % of the weight Silicon (Si) is added in order to raise abrasion 
resistance and an antiseizure property by making the silicon grain of a hard primary phase or an eutectic 
crystallize all over a metal texture. Iron (Fe) It is added in order to carry out dispersion strengthening of 
the metal texture and to obtain high reinforcement above 200 degrees C. Moreover, copper (Cu) and 
magnesium (Mg) It is added in order to raise the reinforcement in 200 degrees C or less, and about 
those additions, abrasion resistance, a desired antiseizure property, and desired elevated temperature 
and required reinforcement can be obtained in the aforementioned range. 

[0037] For the sleeve material which solidified the rapidly-solidified-powder end of the above aluminium 
alloys Since disintegration is carried out by sprinkling the dissolved aluminium alloy in the shape of a fog, 
and carrying out rapid solidification. The silicon (Si) which aluminium alloy powder is set to about about 
20-100 micrometers with mean particle diameter, and is contained in it Carrying out disintegration, mean 
particle diameter is made detailed so that it may be set to 20 micrometers or less, and the hard primary 
phase silicon (Si) made to crystallize all over the metal texture of the aluminium alloy to solidify is 
distributed for every aluminium alloy particle. 

[0038] on the other hand in step S2. it is — it is — the hydrostatic-pressure press which carries out 
the load of the hydrostatic pressure to a plunger is carried out inserting a plunger into a mold from a 
clear aperture, and maintaining a plunger and a mold at a watertight condition after an appropriate time 
putting and carrying out degassing of the end material of rapidly solidified powder of the above- 
mentioned aluminium alloy into the mold which has a clear aperture in the direction of plurality, and an 
ingredient is hardened in the end of rapidly solidified powder. 

[0039] In step S3, an ingredient is held in a sintering mold in the end of rapidly solidified powder it was 
beforehand carried out in slight hardness, while vacuum suction inside a mold is carried out, heating 
pressurization is carried out, and it considers as the more precise solid lump of mixing of air which is not 
almost 

[0040] in step S4, a solid lump is held in an extrusion mold and it heats — having — the mouthpiece of 
an extrusion mold — it extrudes, the shape of the round bar, i.e., hollow ******, in the air, it is cut from 
the section in the cooled part, and considers as the hollow round bar of predetermined length. In 
addition, in this step S4, the parameter on a process is adjusted so that it may become 40 or more 
Rockwell hardness (HRB) about the degree of hardness of sleeve hollow ****** after extrusion and 
cooling. 

[0041] in step S5, it is cut by sleeve material die length and an inside-and-outside form and an edge 
process it — having — = cast-wrapping — business — a sleeve is formed. 

[0042] cylinder-body 2a of the sleeve 3 in step S6 — cast-wrapping — cylinder die-casting shaping 
which cast-wraps a sleeve 3 is carried out this case — cast-wrapping — a sleeve 3 is held in metal 
mold, and it is in the condition which supported a part of sleeve inner circumference by supporter 
material, and carries out by leading the molten metal of a predetermined aluminium alloy to the opening 
between metal mold and a sleeve periphery with high pressure. And each part of a cylinder block 2 and 
machining of a cylinder bore are carried out 

[0043] Even if it binds tight by the difference between the base material under operation, and the 
coefficient of thermal expansion of a sleeve and the force declines by a sleeve's cast-wrapping and 
forming irregularity in front at a sleeve peripheral face, the omission of a sleeve can be prevented 
certainly. In case the irregularity of such a sleeve peripheral face carries out extrusion molding of the 
billet, it can form a detailed crack artificially by adjusting process conditions, such as an extrusion rate 
and temperature. Moreover, it is also possible to use shot blasting. It can form with pickling (etching) of 
other machining or the whole sleeve etc. besides shot blasting. Moreover, it may replace with the 
approach of forming irregularity in a sleeve periphery with shot blasting etc., and raising junction nature 
with a base material, a sleeve and a base material may be joined using low-melt point point solder, and 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



2005/07/15 



THIS PAGE BLANK (uspto) 



. JP,2002-178132 f A [DETAILED DESCRIPTION] 



5/10^— v 



omission prevention of a sleeve may be aimed at. 

[0044] Shot blasting means what a shot [ whose particle size is 50-150 micrometers ], superhard bead, 
and stainless steel ball, a zinc bead, a glass bead, and particle size are projection machines about the 
river sand containing many a little larger quartzes etc., for example, projects a work piece at the 
projection rate of 40 - 80 m/s here. 

[0045] Annealing is carried out in step S7. Heat treatment conditions are adjusted so that it may 
become 40 or more Rockwell hardness (HRB) about the degree of hardness of the sleeve 3 after this 
annealing. 

[0046] The plating processing in step S8 is plating of a sleeve inside, and consists of five processes of 
pretreatment which consists of cleaning processing, alkali etching processing, and mixed-acid etching 
processing, alumite processing of surface treatment, and compound plating processing fundamentally, 
and rinsing processing is performed after each process. 

[0047] And while performing honing to the deposit of sleeve inner skin by honing (step S9) after the 
above plating processing (step S8) and setting thickness of a plating coat to 20 micrometers - 1 00 
micrometers desirably depending on about 50 micrometers and the case, field granularity of a deposit is 
made below into LOmicromRz. While being able to smooth a deposit front face certainly by this and 
being able to make small coefficient of friction at the time of sliding of a piston 4 and piston ring 4b, the 
holdout of an engine oil can improve and lubricity can be raised. In addition, it is set to B0601 of JIS in 
Rz. 

[0048] An ingot extruded material is used for the conventional sleeve base material, and this ingot 
extruded material has a comparatively low silicone content in it. In the process which a coefficient of 
thermal expansion is equivalent to the aluminium cast ingredient of a surrounding cylinder body, or is 
less than [ it ], and cast material solidifies in case this cylinder block is manufactured and a sleeve base 
material is cast with an aluminum die casting That a clearance is generated between a sleeve base 
material and an aluminium cast, for this reason the precision at the time of the bore grinding process in 
a back process gets worse to ** Li and a pan existence of a clearance Since thermal conductivity 
worsens partially, aggravation of configurations, such as cylindricity of a sleeve and roundness, is caused 
and it has become increase of an oil consumption, and the cause of degradation of the engine 
performance. 

[0049] Thus, although it is effective to use the aluminum alloy casting which made the silicon (Si) 
content 15-38 % of the weight because a clearance does not make it generated between a sleeve base 
material and an aluminium cast In the usual cast material, since a primary phase Si grain is set to 
several 10 micrometers or more, even if it is going to form a deposit in a front face, it not only may 
produce plating exfoliation at the time of processing, but adhesion is bad and sufficient endurance, such 
as producing plating exfoliation also during operation, is not acquired. 

[0050] For this reason, a sleeve 3 is that mean particle diameter carries out condensation solidification, 
and forms the aluminium alloy powder which is 20-100 micrometers, and mean particle diameter is using 
this silicon (Si) as primary phase silicon (Si) 20 micrometers or less. In the alkali etching process which 
is pretreatment of plating, since silicon (Si) particle size is sufficiently as small as 20 micrometers or 
less, the deposit of nickel-P plating is not checked. For this reason, the adhesion of plating is securable. 

[0051] Thus, the aluminium alloy which constitutes a sleeve 3 is made to contain silicon (Si). By a mean 
diameter using this silicon (Si) as primary phase silicon (Si) 20 micrometers or less, and carrying out 
alkali etching processing at the inner skin of a sleeve 3 The silicon (Si) of sleeve inner skin is removed 
by alkali etching processing, and irregularity is formed in sleeve inner skin, and moreover, since the mean 
particle diameter of a silicon (Si) particle is small Can form detailed irregularity precisely, the plane-of- 
union product of sleeve inner skin and a deposit increases, and much more improvement in affinity is 
possible. There is an anchor effect by irregularity, heat transfer area can increase by the increment in a 
plane-of-union product further, heat can be promptly radiated in the heat of the combustion gas added 
to a deposit, and it is a pile to a lifting about exfoliation of a deposit. 

[0052] Moreover, by making the aluminium alloy which constitutes a sleeve 3 contain silicon (Si) 15 to 
38% of the weight, since there are many silicon (Si) contents and the mean diameter of a silicon (Si) 
particle is small, more detailed irregularity can be formed precisely, the plane— of— union product of sleeve 
inner skin and a deposit increases, and much more improvement in affinity is possible. 
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[0053] Moreover, the aluminium alloy which constitutes a sleeve 3 is made to contain silicon (Si) 15 to 
38% of the weight, as described above, coefficient of linear expansion of a sleeve 3 is set to 15-22 (at 
200 degrees C), it considers smaller than the coefficient of linear expansion of cylinder-body 2a (for 
example, coefficient of linear expansion 20 (at 200 degrees C) of aluminium alloy ADC1 2 for JIS die 
casting), and coefficient of linear expansion of a sleeve 3 is made into the value smaller at least 10% 
than the coefficient of linear expansion of cylinder-body 2a. 

[0054] Therefore, when the sleeve 3 made from an aluminium alloy is cast-wrapped in cylinder-body 2a 
of aluminium alloy casting, While the molten metal by the side of cylinder-body 2a encloses on the 
periphery of a sleeve 3, and a sleeve 3 is heated and carries out thermal expansion Cylinder-body 2a 
follows on being cooled gradually the **** back, and cools and carries out the heat shrink also of the 
sleeve 3, when carrying out cooling coagulation, contract the molten metal by the side of cylinder-body 
2a, and further, temperature follows on falling, and although a heat shrink is carried out Silicon (Si) is 
made to contain 15 to 38% of the weight, and it is a value smaller at least 10% than the coefficient of 
linear expansion of cylinder-body 2a about the coefficient of linear expansion of a sleeve 3. The sleeve 
bolting force by the solidification shrinkage by the side of cylinder-body 2a and the heat shrink after 
coagulation is not eased, and a clearance is not generated between a sleeve 3' and cylinder-body 2a. 
[0055] Moreover, it forms with extrusion in the end of rapidly solidified powder it has the chemical 
composition which added silicon (Si) to the aluminium alloy in a sleeve base material using a 
solidification extrusion formation ingredient. By adjusting this extrusion condition, for example, an 
extrusion rate, temperature, etc., the hollow round bar, Form the continuous projection parallel to the 
die-length direction with a height of 0.1 -2mm, or it reaches. Even after distributing uniformly 20% of 
minute crack of sleeve base material thickness over a front face by depth of 1 0 micrometers - max and 
processing it into a sleeve, on a periphery front face by a projection or reaching and leaving a minute 
crack Junction to cylinder-body 2a can be strengthened, and transfer of heat can be made into 
homogeneity. 

[0056] Moreover, it is although the temperature of a sleeve 3 becomes lower than the temperature 
(value near the melting temperature of an aluminium alloy) when cast-wrapping also in operational status 
(since air cooling and water cooling are made). 100 degrees C - about 300 degrees C and silicon (Si) are 
made to contain 15 to 38% of the weight. It is a value smaller at least 10% than the coefficient of linear 
expansion of cylinder-body 2a about the coefficient of linear expansion of a sleeve 3. The sleeve bolting 
force is maintained, a clearance does not occur between a sleeve 3 and cylinder-body 2a, and the 
cylindricity of sleeve inner circumference and roundness are maintained. The heat from a sleeve 3 
periphery front face Since heat transfer is carried out good through a deposit and the three sleeve 
inside of the body to a cylinder-body side, a hot spot cannot be made easily, and printing by the piston 4 
can be prevented. 

[0057] It cast-wraps, predetermined plating is performed after completion (ordinary temperature 
condition), and honing is carried out. Moreover, the cylindricity of sleeve 3 inner circumference, If an 
internal combustion engine is operated after raise roundness, attaching a crankshaft, a piston, etc. to a 
cylinder block 2, concluding the cylinder head 6 with a bolt 8 further, assembling as an internal 
combustion engine and completing Rigidity goes up the circumference of two or more boltholes of the 
cylinder body 2 of a sleeve periphery with which a sleeve 3 carries out thermal expansion, and the 
suspension join of the cylinder head 6 is carried out at this time. Although the resistance over thermal 
expansion of cylinder-body 2a used as the pars intermedia of the bolthole of a sleeve periphery is small 
while resisting thermal expansion Silicon (Si) is made to contain 15 to 38% of the weight, and it is a value 
smaller 10% than the coefficient of linear expansion of cylinder-body 2a about the coefficient of linear 
expansion of a sleeve 3. The sleeve 3 of thermal expansion is small, the cylindricity of sleeve inner 
circumference and roundness can be maintained, the isolation nature of the combustion chamber 12 and 
crank case 7 by piston ring 4b can improve, and increase of oil consumption, the fuel consumption 
aggravation by the blow by of combustion gas, and oil degradation can be prevented. 
[0058] Moreover, with the firing pressure added through a deposit, the tension of the piston ring, etc. 
Without the sleeve material supporting a deposit carrying out breakdown degradation, and a deposit's 
exfoliating from sleeve material, and there being a rigid rise by cylinder head bolting and the thermal 
expansion at the time of operation being made by homogeneity in each part of the circUmferencial 
direction of a sleeve Although rigidity is low and there are problems, like deformation by the thermal 
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expansion in the pars intermedia of a cylinder head clamping-bolt hole becomes large when especially 
degrees of hardness run short It is that make the aluminium alloy which constitutes a sleeve contain 1.8 
or less % of the weight for 15 - 38 % of the weight, and magnesium (Mg), and a sleeve makes silicon (Si) 
at it Rockwell hardness (HRB) 40-70. While preventing breakdown degradation of a sleeve 3, rigidity can 
improve and deformation by thermal expansion can be mitigated. 

[0059] Moreover, since it was made to contain one or more 1.7 to 8.3% of the weight in total even if the 
aluminium alloy which constitutes a sleeve had little copper (Cu), manganese (Mn), and zinc (Zn) either, 
while preventing breakdown degradation of a sleeve, rigidity can improve and deformation by thermal 
expansion can be mitigated. 

[0060] Furthermore, in case a cylinder block 2 is manufactured (for example, when a sleeve base 
material is cast-wrapped with an aluminum die casting), it sets in the process which an aluminum die 
casting solidifies. A clearance may be generated between a sleeve base material and an aluminium cast, 
for this reason the precision at the time of the bore grinding process in a back process may get worse. 
Further existence of a clearance Although aggravation of configurations, such as cylindricity of a sleeve 
and roundness, is caused and it has become increase of an oil consumption, and the cause of 
degradation of the engine performance since thermal conductivity worsens partially A piston 4, a sleeve 
3, and cylinder-body 2a are formed with the aluminium alloy containing silicon (Si). A content is adjusted 
for silicon (Si). The ratio of the silicon (Si) content of a piston 4, a sleeve 3, and cylinder-body 2a As 
17:25:12 the ratio of the coefficient of linear expansion of a piston 4, a sleeve 3, and cylinder-body 2a by 
being referred to as 18:16:20 If an internal combustion engine is operated, change of the piston 
clearance accompanying the thermal expansion of a piston 4 can be maintained at an ideal condition, 
and oil consumption can be reduced, being able to aim at a loss and reduction of the noise and 
maintaining the output engine performance by this. 

[0061] The production process when using a solidification extrusion formation ingredient in the end of 
rapidly solidified powder it has as an example the chemical composition which added 25% of the weight 
of silicon (Si) to the basic chemical entity of JIS2000 system or JIS6000 system in a sleeve base 
material was manufactured according to the process of drawing 4 . 

[0062] The rapidly-solidified-powder end of the aluminium alloy which added the silicon (Si) of the 
amount which uses this JIS2000 system as the base and serves as a hypereutectic presentation 
Aluminum (aluminum) is used as a base material. In the whole silicon (Si) 15 - 38 % of the weight, Copper 
(Cu) 1.5 or less % of the weight for iron (Fe) 1.5 - 6.8 % of the weight, Manganese (Mn) was made and 
chromium (Cr) was made into less than [ (Zinc Zn) 0.3 % of the weight ] and less than [ (Titanium Ti) 0.2 
% of the weight ] for magnesium (Mg) 0.1 or less % of the weight 0.2 to 1.2% of the weight 1.8 or less % of 
the weight. 

[0063] The rapidly-solidified-powder end of the aluminium alloy which added the silicon (Si) of the 
amount which uses this JIS6000 system as the base and serves as a hypereutectic presentation 
Aluminum (aluminum) is used as a base material. In the whole silicon (Si) 15 - 38 % of the weight, 
Magnesium (Mg) 0.4 or less % of the weight for copper (Cu) 1.0 or less % of the weight 0.35 - 1.5 or less 
% of the weight, [ iron (Fe) ] Manganese (Mn) was made and chromium (Cr) was made into less than 
[ (Zinc Zn) 0.25 % of the weight ] and less than [ (Titanium Ti) 0.15 % of the weight ] 0.35 or less % of the 
weight 0.8 or less % of the weight. 

[0064] The example 1 performed nickel-P-SiC distribution compound plating to this inside by using a 
solidification extruded material as a sleeve base material by JIS6000 system in the end of 6061-25Si 
rapidly solidified powder. 

[0065] The example 2 performed nickel-P-SiC distribution compound plating to this inside by using a 
solidification extruded material as a sleeve base material by JIS6000 system in the end of 6061+2 - 
4Fe-25Si rapidly solidified powder. 

[0066] The example 3 performed nickel-P-SiC distribution compound plating to this inside by using a 
solidification extruded material as a sleeve base material by JIS2000 system in the end of 201 7 or 
2024-25Si rapidly solidified powder. 

[0067] In this example, oil consumption reduction is an improvement of cylinder deformation, and it 
noted improving the sleeve adhesion after casting to this. Paying attention to changing into low 
coefficient-of-linear-expansion sleeve material, the usual low coefficient-of-linear-expansion material 
performed selection of a light weight and heat transfer fitness material from the iron system, and was 
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taken as aluminum composite at the improvement of sleeve adhesion. 

[0068] The physical properties of this sleeve material and a mechanical property were compared, it was 
shown in Table 1, and low coefficient-of-linear-expansion aluminum was used as the base material, and 
it is the sleeve which formed hard anodic oxidation coatings in the internal surface, and as shown in 
Table 1 , the coefficient of linear expansion alpha of a sleeve base material was reduced as compared 
with the aluminium alloy material of 12Si-3Cu, and cylinder-body ADC12. It cast-wrapped, and the ratio 
with the coefficient of linear expansion of cylinder-body ADC12 which is ** is 0.85, and bolting 
deformation in case a sleeve cast-wraps has been improved. 
[0069] 
[Table 1] 
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Moreover, as it cast-wraps by annealing of 250 degree-Cx 1 hour which carries out after [ heating ] 
gradual cooling and the interface clearance at the time shows in Table 2, it decreases. The interface 
clearance between a sleeve and a cylinder body was measured by eight places to the circumferencial 
direction of a sleeve. The thing of a boa No4 stops die cooling as abnormalities. 
[0070] 
[Table 2] 
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If it cast-wraps and the interface clearances at the time decrease in number, as shown in Table 1, the 
Young s modulus of a liner base material will improve, the roundness of the cylinder after honing and 
cylindricity will be improved, and the flattery nature of the piston ring and seal nature will be improved. 
[0071] Moreover, if it cast-wrapped and the interface clearances at the time decreased in number, 
equalization and an improvement of heat transfer nature would be made, the improvement of the local 
deformation under operation would be attained, the roundness of the cylinder after honing and 
cylindricity will have been improved, the flattery nature of the piston ring and seal nature will have been 
improved, and the oil consumption will have been improved. 

[0072] By carrying out extrusion in the end of rapidly solidified powder using a solidification extrusion 
formation ingredient, and adjusting this extrusion condition, for example, an extrusion rate, temperature, 
etc. in said example 1 thru/or example 3 As shown in drawin g 5 , while forming the continuous projection 
100 parallel to the die-length direction with a height of 0.1 -2mm in the outside surface of a sleeve base 
material, 20% of minute crack 101 of sleeve base material thickness was uniformly distributed over the 
front face by depth of 10 micrometers - max. 

[0073] Drawing 6 is drawing showing the relation between the sleeve surface **** depth, sleeve 
reinforcement, and an interface clearance. 20% of sleeve base material thickness has large sleeve 
reinforcement on a front face at a depth of 10 micrometers - max. By being able to make an interface 
clearance small, being the optimal range of****, and distributing uniformly 20% of minute crack 101 of 
sleeve base material thickness by this depth of 10 micrometers - max It can cast-wrap in this minute 
crack, the molten metal at the time can enter, and junction to cast cylinder-body 2a can be 
strengthened, and transfer of heat can be made into homogeneity. 

[0074] In said example 1 thru/or example 3, although distributed plating of the nickel system containing 
Lynn and an eutectoid object is performed at high speed and distributed plating of (Nickel nickel)-(Lynn 
P)-silicon carbide (SiC) is performed at high speed, this nickel-P-SiC distribution plating has the 
following properties. 

[0075] When nickel-P-SiC distribution plating is performed to the inner skin of a sleeve 3, the plating 
film 50 which contains the nickel-P matrix 51 and the eutectoid particle 52 of SiC as shown in drawin g 7 
in the inner skin of a sleeve 3 is formed, the oil pocket 53 which benefits lubrication from a honing eye 
forms in the front face of this plating film 50 — having ( drawing 7 (a)) — further, if sliding of the piston 
5 by operation is repeated, when wearing out the ****** nickel-P matrix 51, the new oil pocket 54 will 
produce the eutectoid particle 52 of hard silicon carbide (SiC) like drawing 7 (b). Therefore, cotton 
intermediary oil lubrication can be made to perform good at a long period of time. 
[0076] Moreover, if the relation between temperature and a plating degree of hardness is investigated 
about the above-mentioned nickel-P-SiC distribution plating, nickel-SiC distribution plating, and hard 
chrome plating and especially nickel-P-SiC distribution plating will be heat-treated at about 350 degrees 
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C, a degree of hardness will be higher than hard chrome plating, and a degree of hardness will be sharply 
raised compared with nickel-SiC distribution plating which does not contain Lynn (P). This shows that 
the degree of hardness after heat treatment is raised by making Lynn contain. 

[0077] In this example, when the adhesion of plating was evaluated by the file trial, the drill perforation 
trial, the heating quenching trial, etc. about what plated to the tabular test piece, it was checked that 
adhesion is improving clearly compared with ingot material. Moreover, maintaining the output engine 
performance, when an internal combustion engine's durability test was performed, the conventional thing 
reduced to 2 by about 1/was checked, and oil consumption did not generate troubles, such as plating 
exfoliation, at all. 
[0078] 

[Effect of the Invention] As explained above, in invention according to claim 1 While forming the 
continuous projection parallel to the die-length direction with a height of 0.1 -2mm in the outside surface 
of a sleeve base material By having distributed uniformly 20% of minute crack of sleeve base material 
thickness over the front face by depth of 10 micrometers - max, it can cast-wrap in this minute crack, 
the molten metal at the time can enter, and junction to a cylinder body can be strengthened, and 
transfer of heat can be made into homogeneity. 

[0079] By invention according to claim 2, by making an aluminium alloy contain silicon (Si) 15 to 38% of 
the weight, coefficient of linear expansion of a sleeve can be made small, and, moreover, thermal 
conductivity, workability, and plating nature are not spoiled. 

[0080] By invention according to claim 3, coefficient of linear expansion of a sleeve can be made 
smaller, and, moreover, thermal conductivity, workability, and plating nature are not spoiled because a 
mean diameter uses silicon (Si) as primary phase silicon (Si) 20 micrometers or less. 
[0081] By invention according to claim 4, by carrying out condensation solidification and forming the end 
of an aluminum alloy powder whose mean particle diameter is 20-100 micrometers about a sleeve, 
coefficient of linear expansion of a sleeve can be made smaller, and, moreover, thermal conductivity, 
workability, and plating nature are not spoiled. 

[0082] In invention according to claim 5, while forming the continuous projection parallel to the die- 
length direction with a height of 0.1 -2mm in the outside surface of a sleeve base material by adjusting 
extrusion conditions, by having distributed uniformly 20% of minute crack of sleeve base material 
thickness over the front face by depth of 10 micrometers - max, junction to a cylinder body can be 
strengthened and transfer of heat can be made into homogeneity. 

[0083] In invention according to claim 6, junction to a cylinder body can be strengthened, and transfer of 
heat can be made into homogeneity, and printing by the piston can be prevented. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] A sleeve is the sectional view of the water cooling type four-cycle internal combustion 
engine of dry construction. 

[Drawing 2] It is the sectional view which meets the II — II line of drawing 1 . 

[ Drawing 3] A sleeve is the sectional view of the water cooling type four-cycle internal combustion 
engine of wet structure. 

[ Drawin g 4] It is drawing showing the production process of the cylinder block for internal combustion 
engines. 

[Drawing 5] It is drawing showing the condition of the outside surface of a sleeve base material. 
[Drawing 6] It is drawing showing the relation between the sleeve surface **** depth, sleeve 
reinforcement, and an interface clearance. 

[Drawing 7] It is drawing showing nickel-P-SiC distribution compound plating. 
[Description of Notations] 

1 Water Cooling Type Four-Cycle Internal Combustion Engine 

2 Cylinder Block for Internal Combustion Engines . 

2a Cylinder body ' ' * 

3 Sleeve 

4 Piston 
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[ o o 2 3 ] hi f*7kjfr3t 4 +»->r ^ ;n*?«8«ii(&®rffi 
mzitmi (Dw-w&izfe^mmmvfo&o 

[0 0 2 4] Z(Dftm®M<D--mtLX. Hl&r/H2 

[0 0 2 5] Si^(D4^^;UX>v> 1 |£ % iE^tj4m 
®XVv>#ffll>£>:»X&o 4+f-^^;n>y>io)vU 
>^3fp^^ 2 (4. v'J >$f*{*2 a iX'J- T?3^£> 
«tJ***U CCDXU-^3|Zt°X h > 4 ^ttffiK) pJtfelC 
Kl+&*VCl**o COt°X h>4<7)tt«lfjT^>a^ K 

K 6 *<tS:it £>*u **;u h s lz£ y v y :/p y ^ 2 lz 

mtm^ztiTi^Zo t°xh>4izii % exh>y>^ 
4 ba<i6ftb*iTi^<i>o i>y >^»> Keizu^s^ k^i 
8 O)!)<l6ltt>4^rl^^o 

[002 6] v'J >^^P^^7 2C7)Xy— 3^3. t°X h 
>4CDIigP4 a t % y'J>^7 F6 2^ 

^jaa?*LTL^4o K6izi*««si 2izeg 

[OO 2 7] V'J K6lCttfl6ftiil»1 3 

[0 0 2 8] q&ma^i 3(DlBiai 2(cBSt;BBPSPI4 

qam#i 8t?Hm**i. ^misssi 40M11 2izeg 

I#190^^7h3O, 3 1 |Z|4 % ^fA$63 2, 33 
^A32a, 3 3 aA^SStLTfcy. *A«|3 2. 3 
3 00111^^0X^1^3 2 a. 33a^^7h30, 
3 1 &ftLXW.%#l 8»y»8#1 9^»ffi)L. C+l 
l=*y««aHH 3iiSMi 
[002 9] y'J>^?P^^20v'J>y*ft2a|: 
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IwiSiiLTvU >$f^y K6fZ7Kv*^ h2 1 j6<flSj$; 
JtlTl^o Z.O)fa*s**ry h2 0, 2 1 (D^TklCj; 

yjBttSi 2 cosy ^ffl-r^cfc^iwfeorfcy. xu 

[0 0 3 0] H 3 'J - Wi« 4*-f 
2jh*««B£*U h2oa»*ai*iCcky 
ftfltti zom» £)Mrr«£*l=. *»*ic*yxu 

2 0(7>TSUlr|i. S/'J>jr*ft2atX'J-?3iO)H 10 
[003 1] mz s tom&Mm*si)^?7ny+><DM& 
<D»fciB***-B-cfc«. 

[0 0 3 2] ft^aH»5fe»»*»JiKL Uf^S 
^S4) o f&BfCJSCTjftfflJlU C(DXy— "^ctJffifR 20 

dc-r^o ccox'j— ^3 *->y >y**2 aicsia^. 

S 9) 0 

[0 0 3 3] Xr^^S 1 lZj3l+Sft»»Ht»5R*r» 
14. 09*Ji7;U5— (A1) 0)&ttrc»LT*>y a 
>(Si),*(Fe) Rtf*0)fft(OfiR»S**S-&fc 

0 0°CJU-tT*?8»LT^t», »«lzIRffLr*»ajtl 30 

o o°c/ s e ciu±-eaL»rz»-\bLr*BSi**ct 

[0034]X'J-^IS (t'b^h) Ztztb 
©7^S--)A**»**tHfc Lttt, fcJH*> 
«J =i>a>3F«Sttg^2 O X/miaTT?fc4i/y n > (S 
i) * 1 5-3 8 ll%a>Kir^t;«j: 3 *r;u 5 - 't? 

[0 0 3 5] C<Dcfc5ft7;U5=^A**<&fi>frSBt» 
^tLT. TJUS-OA (A I ) ^Itt^rl, 40 
I:, V'J3> (Si) 811% % ft (Fe) 

*1. 5m*%liLT. ffi (Cu) £6. 8MS%iaT. 
(Mg) £0. 2-211%, 

(Mn) Si. 5SS%JMT. ^OA (Cr) $0. 4 
M%JUT. »fn v (Zn) SO. 3fiJi%KlTCDlSfflT- 

[0 0 3 6] C<D*5fc J I SCl8a£0)2 0 OOlSfe 
SIM* 6 O O 0(D7^5-^A^^- XIZS i 
*£i§Jra£l*T1 5-3 8li%<!:Lf:7^5-^ 

*©ft»»Bl»*<D#*fifc#Kfca*T* (s 50 



S»*ft. * (Fa) 14. $Kffltt£#»5fc<tLT2 0 

o°c^±r*Si^gs^i)fc^fz^*Q$^ is 
(cu) &y7^*>^ (M g ) i* % 2oo°cmT-c 

[0 0 3 7] BiflECDcfc^^r^S-^A^^CDtL^H 
AftfteBttlcfflli LtMU$#« C t ICcfc y 

2 0-1 0 0/lm«Ki<cy, *0>*l=*StL-Cl*6{' 
•J3> (S i) 14. MbLo^if^,7;^-OA 
^^iBffle^l^SttiSi+feSEH^avijziv (s 
i) tfT«ttSA«2 0/umJSlT&«:«J:3rc|K|MI:$tL 

[0 0 3 8] X^r>>^S 2lzfcL>T. — *fc€>lM*«UR 

*»B»*»S5Xtf> % i7»ft§Loo^7>^-S 

-f »*E^L/XA«i*ti, «L»»B»5R*r»3&<B 

[0 0 3 9] X^:?S3|Cfcl>T\ ^BAaF*t/=ft» 
»B»**t«3&<«tSl!rtlcJRSS*i. S!l*H»a>Jtffi5l# 

[0040] Xf7?S 4lCfcl>r. WLajL^lzB^ 

^Slr^SI^P'^OiWg (HRB) 4 0 
[004 1 ] Xf»>?S 5|zfct>r. X'J- 37ftt*ffi5 

[0042] ^T-^^S6lCj3lt4Xy— ^3<D->U > 

y-f K/£ff2;b<igJ££;tx&o CCDi§^<Dg£S^I*X'J 
-:7 3£££!rt|-JiX§U X'J-^^(7)-aiS^^9J 

[0043] X U — :7(DfiSS*MKri::X 'J — ^nfflffilzDfl 
»a*0)itLMc«fcyttto»ltS3b<«TLT4i. X'J-? 
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3 * h^x h£mi^&zt&ojmv&z> 0 va^h^ 

fc. va v h^7X h^lz£yxy-:7d+jai;:[HJ£i£J& 

B3 £ ffl l^T X 'J - «» £ £ L X 'J - :?<7>fe If K6 

[0 0 4 4] Cut->3 7h^7Xhtlt M^5 0 
~ 1 5 0/im(Dgp*. fflge-X, Xir>.UX^B£ % S 

s aoa* aa t? 7 - * * aatr « t a) £m 5 . 

co 0 4 si 7.n-vys 7\zt$i^xm$ktfmm£*i&o 

C(7>8I£&&<Z>X»J — ^3CD^g£P^^^x;U^ (H 
RB) 4 0l2L±j:«:«<t:3l=IMUBftfr«naE a r«. 
[0 0 4 6] Xt^v^S 8l=JSIt&j( y+Mlt, X U 

[0047] ^LTiaJL(J>> Uf'^S8) 

co&, uf 7^s9) x**t)—ymmM<D 

JitL<ltt^l50//m, ^^(Cctorii2 0/im-1 
0 0/im£-r& /74ri(Dia$g 1. O/i 

mR z jiiT!c-r^, 0 ztuccty* 5tmo^^@a®£ 
;tb*Mc-r^c<tA<r^r t°x h>4^i;ex h>y > 

?4b (DlNkttOMgflfcftS- /J* S < r £ C 1 *<T* £ £ £ 

ZH&ZttfVZ&o fcfc\ R z tli J I S8U&CDB0 

6 o i i::£to»bftfct<DT*fo£o 
[0 0 4 8] a*OX'J— i§S!»LtiiL« 

y-f *x h»*ic*oT»at?»iz, iiwuti 

RSffl tf± C . d <7>fc ft IZ&XglZfc If S rt&WI«jDXH# 

[0 0 4 9] Z0)«fc5lCvU=I> (Si) #:fffi£l 5 
t A<X U -?**t <t 7 ;U £ - ^ A»«B(DH(C|Kn^ t 



S i fStfSSl 0 j/mJU±ICtfc:oTL£ 3fc«K ftBlC 

[0 0 5 0] :(DfeftX'J-?3lfflSllStf2 0-1 

£C£T*. CCDv'J Zl> (Si) SfiSttft3&<2 0|/m 
aT(DtaavU3> (S i) <tLTl*& 0 > -;/*<D1iM[i 

(Si) fig*<2 0 m&T£+#'K*l*fctf>l::. N i 

»tt £ Cte-T * C <b: *<T* $ £ o 

[005 1] C<D*3lC, 7'J-?3SifiM-«7;i/S 
-^A^*lZv«J=i> (Si) :(DvU3 
> (S i ) Mig^ZO/imJaTOlOSv'/^V 

(Si) <hU xy— :73<DWJBffilz7>*iJx^> 
3C£T% X'j — ^rtBHa>i/'Ja> (S i) 
1fiT)\,-h 'JX7f>^ltii**it, xy-;?rtJB 

20 ffifzoflia*^fiR**L. L^tv'j3> (s i) tt^ov 

[0052] X'J-^3£«Jf$t-5)7^5z^A 
*>U3> (SI) *15-3 8H%tt*t 
^Ct-C. v'Ji3> (Si) ****^< % froi/'Ja 
30 >(Si) tft^^iSttStt/hSl^-e. «feya$ffl3feIHl 

*ffi«A^if*nLtt*tta>j:y-«a>inj±*<prteT?fc*o 

[0 0 5 3] *fc. X'J-jfa-SiUtST^S^'SA 
^^icii. SfrlBLfc«fc3lc*>ij3> (S i ) £ 1 5-3 
8.m*%«r**-B'. X'J-^3<DSK5i«»S 1 5-2 
2 (2 0 0 0 CICT) tu S/y>y*ft2a©«M« 

tt«fey/h*< (flic. 12. Jis^*xhffl7;^-^ 

1 2<7>IAK»aft2 0 (2 0 0°Cfcr) 
t) L. XU-^3(D«JSg?SiSa*i/y >y*»2a(D 

40 y < i o%/hSftfitizL-ci^4o 

[0 0 5 4] Lf:^ot, T;U 5 — ^ A-&#lg<7)X 'J — 
St;*£. X«J-^3C0^IZv'J >y*i*2 affllJCO?! 

ai^nyn^ xy— ^3^jjDj»^tL-cj»K?s-r«)- 
otx«j-?3t»S)S*iri»tt«L, v'j>$r*<*2 

«T-r4lc#-3Tl»iRtt-r4^ *>'J3> (S i) S1 
5-3 8fifi%#^^1t. X'J-?3.C5tta«8Si/ 

5o u >y*i*2 a<DH»a«»«fcy*35c< 1 o%/hs 
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-?3tv'J >^*<*2 a ta>IBI=WIB3&<± little 
[0055] £tz. xy— :?**tiz % t;u^^^a^ 

-r^CtlC^oT^S^Lti. K$0. 1 ~ 2mm£>ft£ 
1 O //m-f^t^'J- ^S»J5$CD2 0% 

[0 0 5 6] *fc. WEttlllzfcl^TfcX'J— ^30>ffl 

IMS) cfcyffi<<f*3&< (ffi*. *3fr*<fts*i*a)-e, 1 

0 0°C-3 0 0°CSJg) , J/'JaXSI) 
8ll%^$t, XU— ^3 *>y>$f 

fey. xu-^tt»ft(t**<tt*»**t. x>j-^3iv 
u>y*(*2 a ta>iHi-eBiiiii*<S6±r«ctA<tt< % x 

RBSiEA^aXRtt. >^*B, xy— :?3*(*i>a£|gT 
> y > $r ##<lfj^ a » i - $ *i 6 or* * h x tK ^ 

h*«-c*ic<<. t°x b>4t<Dm$tt$$as±Tz>z 

[0 0 5 7] *a*ST* (JMMKM) . Brft© 

o>Rf5j£. SRS*±ifr. *>y >y^o^^2ic^^ 

e £tK;u h8W y me LtnittH <t l r«^itr * 

U z<DB*~>y >if>^ K6*<7t0uhttttdti6xy — 
^n»<7>i/ y 2 <D«SftcD7f:;u h^El y 

7t<D*|«fflJ iMv'J> 2 a tt»K»lz» Lt(D 
lStn:ttl4/h$L^ v'j3> (Si) ?15-3811 

x 'j - ?3 osnssas u 2 
aotMBHSftcfcy i o%/jx* JSfitrfcy. xy-^3 

ex h>y >^4 biz£*Kiui 2<k^^> 

[0 0 5 8] >?*H£ftLTttfcftttttE2K 

tfx h>y>^o>5i*»rzcfcy. >-;*is$iWj 

*prtttt*<*y. *fci/y>y^^ K»»»itizck*iii 
i±T^^<fcy. aeBtaawattfxy— ?o>nn#A 



(Si) £ 1 5-3 8li%i, 7^*»>i>A (Mg) 
*1. 8Mt%J5jTF£d*Sli\ X'J-^liQ^^^x 
^USEJS (HRB) 40-70inctt\ X'J-^3 

(DKtt&<b£l»iL-t6<h&lc. Hte*«fi|±u *^ojft» 

10 [0 0 5 9] *fc % X'J-^^t^7JUa-^A6 

ffl (Cu) , (Mn) . ffilS (Zn) <D 

L^^'>4< £ 1 0&ftlM±tKft£&tf-TM . 7~ 
8. 3 XU-^iMlbSK 

[0 0 6 0] SfclZ. v'J >$T:?Qy$ 2^Sjtt-^ 

■K «^.iixu— 7f**r*TJU5=.^Ay-f *x h««a 

20 (dwh^km^i:. c<Dfcttiz»xiiicm4i*fiwfli] 
apx»<o«K^*ft-r«ci*<fcy, jfbl:, «IH<d# 

cDRgjg, XRSfc£^Dfl3tt0)Kfl;£ffl^ *<(fr*A1t 
<£>ii:*:. tefi&<&&<b(&WHi&oTl*SA<* tfxh> 

4. X'J— ^3. v'J>«(*2a^ *>'J=I> (S 
i) ^tl)7^5r^A^tML, i> 'J =1 > 

(Si) jttisiiL, t°x h>4, xy-^3. 

S/'J>y**2a©y'Ja> (Si) #*ri£<7)Jt£. 1 
7:25:12£LTtfXh>4. X'J— :?3. v'J > 
30 y*#2 a(DtR«5i«»a)it*, 1 8 : 1 6 : 2 0 tT 

ftmmM&miz-t&ts tfx h>4a>nft^?g 

t°x h>^7 "JT^>xo>«ftt3HaiW«:ttffllc« 
[0061] HJS^j<t lt(4. xy— ^atttic. J I s 

2 0 0O^tfcliJ I S6 000S(Dl«bfl^i:2 
5li%0)v'j3> (S i) £ta*fc<b^aj£££o& 

40 i4^Ig|^oTgilLfco 

[0 0 6 2] C(DJ I S 2 O OOl^-Xi L^Hi 

«jat«:**a)*>y 3> (s n ^^fc7;^-^A 

^#OgL?^/tiSt»5Sl4. T;U5-^A (A I) 
L> y'j3> (Si) S15-3 8fi*%. 

ft (Fe) *1. 5M*%iaT. ^ (Cu) *1. 5- 
6. 8fi*%, 7^yOA (Mg) £1. 8fi*%ja 
T. (Mn) JO. 2—1. 211%, ^PA 

(Cr) 50. lM%iaT. ffir n v (Zn) 0. 3 fi* 
%iUT. f^> (Ti) o. 2M%lUT<h Lfco 
50 [0063] CCD JIS6 OOO^^-xt Li&^g 



( 7 ) 
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(S i ) JfaTtf-TJUS-^A 
OA (A I ) 

U ±<**fc % 5/iJaXSI) S1 5-3 811%, 
St (Fe) Jl. Olt%JaT, ffl (Cu) JO. 41 
M%Ja7\ 7^v^A (Mg) JO. 3 5-1. 51 
S%iaT. V^ISls (Mn) JO. 8li%WT, 
A (C r) JO. 3 5SS%1^T. SS(Zn) O. 2 

5«S%iaT. (T i ) O. 15Sfi%iaTi:L 

[ o o 6 4 ] nj&tfy ii*. j i s 6 o o o 6 O 6 1 

-2 5S i AftXattSBtbtt La3L#JXU-^S« 
<h LT, CKDfloIICN i -P-S i CtffMS^y y*J 
JfiLfco 

[0065] 2 li, J I S 6 O O O JfcT: 6 O 6 1 

+2~4Fe-25S i ft»»a»*Hfc» Lffi L» J 
^'J-^itttlt, CO^MICN i -P-S i C#gfe 

[0066] mmm 3 1*. j 1 s 2 o o 0 2017 
*fcii 2024-25S i mismm&itzmitw l& l** 



10 



JX'J — ^S«<t Lt, ^CDASICN i -P-S i c# 

[00 6 7] c<DHJ60«T-l*, 3f*juam*ffi*tt->"j 

i^bgl, &fciia#*t0>35gJ 
[0 0 6 8] COX'J-^»<7)^14. ««MteSJJt« 
U P^a®fc®HJS^J^lSL^X'J-^T*fey. S1 

i^-r*3fc^u-^»*to)ttiBafliftaei 2s 

ci2©8Bafl«t(j)H;*lio. 8Bt*«^U- 

[0069] 

[Si] 





6061+25SL 


12Si-3Cu 


ADC 12 


as 






Tl 


TO Icast/AN 


TO/ 

Cast/AN 


Tl 


T6 


T8/ 

Cast/AN 






g/cm 8 


26.8 


2.84 


to "be 
filled 




(81-200*0 


ppm/'C 




16.6 








21.4 
(20. 6) 




20 






L35 


142 








184 




















Gpa 


84 


(77) 




RQOOHr. 


WW 


Mpa 


253 








(108) 


(402) 








Ipa 


245 
















RT 


Mpa 


330 






237 


288 


(441) 






15Dt 


Ipa 


321 


















% 








1.8 


13 


(2) 








% 


3.3 


0.7 
















Mpa 












74 
(86) 


38 






EBB 


40(20-53) 


78(45-88) 




30 




(173) 






Bv 


T2-102 


130-148 
















Hpa 


















160 X 


Ipa 




















mat ! 
s^tt i 




O 


O 




ram 
























O 


O 


O 


O 


O 


O 


O 




m«t 
IKK 


O 


O 


O 


0 ; 


O 


O 


O 






mKM 


A 


O 


O 


0 i 


▲ 


O 


O 












O 


0 






O 





a^B#(7)^Di^^a2iz^-rcfc : 5icM'>-r^c xu — 
:?ORji^[fi)ic8®BT-exu— ft is 1 ) is?*&t<b& 



[0 0 7 0] 
[$2] 
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3tf4 




#T 








No. 


No- 
























il 




















0 






12 


5eed 


















0 






13 




















0 






14 




















0 




as Cast 


11 




















0 


1 


12 


40 Dm 


















0 




n 


















0 






84 




















0 






#i 




















0 i 






82 


{{mm 












10 






10 






#3 


















6 






14 














5U 






50 






•1 




















0 






n 


[jliili 


















0 






S3 


















0 






14 




















0 1 




60612+25Si 
25(TCxihr 


11 




















0 


2 


82 


40mm 


















0 




#3 


















0 






84 




















0 






#1 




















0 






82 


70am 












30 






30 






#3 












50 






50 






84 














80 




50 


80 



^CDKRjg. Rgfj£*<&#£*u t°Xh>U>ya>iI 20 

[0071] »a^B#o^®KiFpiA<a^-r^<h. 

[0072] mznmmi nmnrnm 3 \zt$i^x. 
(7)ffa3*px^# x ^tfffm&jg, ^^^tas-r^c 

igl 0 0^^/S-r^<h^(c, 1 0^m~§;*; 

T'7U~^IfiJ|J(D2 O%00filt/h>>^^>7 101S- 

[0 0 7 3] 1 6 i*x'j-:?a@#^£<tx 
u m-i^ta g — 2 o %2><X u — 

f^02O%O)M^77^ 1 O 1 £-^l::#tfT£-fe!:£ 40 

[oo74] mzmmmmm&mm3izte^x, 

l\ - v>T)\, (N i) -U > (P) — >'JI3>2J— /<>r 
MSiC) <B#Jffc> *V*£Bi$T-*T5tOT-&&j!><. 
c<dn i -p-s i c#fffc> **tt. *a>£5&1£S£ 

[007 5] X'J--?3fl)rtail:N i - P- S i C» 50 



'>*SffiLfc»^IZ. X'J-^3<7)rtJSc5l:^ 17 
(C^-rj:5^N i-P7h'J'^751 &tfS i 
^52^^ 7^15 O WSJ^l^o Z<D*V 
*m5 0(D<£.mz\*^ HJIKOfcftfCTfc— ">^@^b^ 
£*--r;u7K<r^ h5 3A<^fiES*l4 (17 (a) ) t)^ 

17 (b) (D^v\Z, «L^>U — /W h (S 

i C) (D^#f*4^5 2liSOTN i-P7h'J^X5 

[0 0 7 6] *fc, afit^ ^*«JSi:a)B8«*. ±15 
<DN i -P-S i C^gfc* V*rt. Ni-Si C#|fc* 

-p-s i c#gfc> ^^li. i <i:3 5 0°cggr« 

(P) £^i:#l>N i -S i C#|fe* ^*A:Jt^*t« 

& c <t x m&m&cDwmtfm&b * ti & z t * . 
[0077] zommmxi*. s«K»>tio 

[0 0 7 8] 

mWXte. X'J-^IttOnSil:, iSSO. 1-2m 

&m\z%£2 1 o^m-«^r*xu-^s*tJi$a)2o% 
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££$S@I-U A^ogft(OeiI*l$)-lc-r«)Ci:A<-C?# 

[0 0 7 9] «^2IC1HK<0^T-Ii, 7JU5^A 
y'j3> (S i) $1 5-3 8Sg%#=fr£-t± 

[0 0 8 0] iS*«3l=ffieO^B^T'(i, v'J=J> (S 

i) ^jpaseg^a o//miaT<otoa'>'J=j> (si) 
tt&ztv. K'j-zfnmB&m&z&V'i^KX' 10 

[008 1] ii*«4|Z|BK(0^B^T'l*> X'J- 
t£)&g*<2 0-1 O O // mfflT^ 5 -^A^4t9*SS 

[0 0 8 2] if3S^5IZfB^CO^BJ-t?l*, tftfcJjDI&ft- 
O. 1 ~2mm<Dg£7jAlc¥fr>tfai8Lfc3&ig£ff2/£ 20 
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